[Objective] To screen myxobacteria strains producing secondary metabolites with anti-cancer activity. [Method] Fermentation culture the stains of myxobacteria, extract secondary metabolites with methanol, and detect the antitumor activity of secondary metabolites from myxobacteria and its toxicity to normal cells with the modified MTT (3-[4,5-dimethythiazol-2-yl] -2,5-diphenyltetrazolium bromide) method.
and low toxicity tended to be particularly critical. Myxobacteria were rich in metabolic pathways, could generate a large number of metabolites with novel structure and unique function, and thus could be the important source of anticancer bioactive substances (Gerth, 2003, PP. 233-253) .
Materials and methods

Materials
Strains
20 strains used in the present study were isolated and preserved in our laboratory.
Cell lines
MCF-7 (human breast cancer) cell lines and MRC (human embryonic lung fibroblast) cell lines were offered as a gift from Collection Center of China Type Culture, Wuhan University. Column: Thermo ODS-2, 5m, 250mm4.6mm
Methods
Fermentation culture
Strains preserved in glycerol were inoculated into the slope of VY/2, and cultured in biochemical incubator at 28°C till fruit bodies. The resultant fruit bodies were selected to inoculate into sterile CAS medium, and then shaking cultured at 28°C at 200r/min. After seed fluid was completed and microscopic examination, 10% seed fluid was inoculated into VY/2 fermentation medium containing D132 macroporous resin by pipette, and shaking cultured for 7 days at 28°C at 200r/min.
Extraction of fermentation products
After centrifuging fermentation products and discarding fermentation solutions, the strains and resin were collected, added 10 times methanol of their volume and placed in shaking table. After overnight extraction and centrifugation, strains and resin were removed. Methanol extracts of fermentation products were gathered, and concentrated by automatic centrifugal concentrator. Therefore, crude extracts of fermentation products were obtained.
Fermentation activity and toxicity detection
Crude extracts were dissolved by PBS buffer containing containing 5% DMSO and 5% ethanol. After filtrated by 0.22 μm sterile membrane, the resultant solution was diluted into 1/2 and 1/10 of its stock solution by RPMI-1640 medium containing 10% fetal calf serum respectively.
Based on the MTT method established by Mosmann (1983, PP. 55-65) , its modification was applied in the present paper. MCF-7 cells were harvested with 0.25% trypsin, and cell viability was measured by 0.4% trypan blue; when their viability were above 90%, they were counted, and diluted into a density of approximately 1×10 4 /mL by RPMI-1640 medium containing 10% fetal bovine serum. Cells were seeded into 96-well plates, 180μL each well, and incubated for 24h at 37°C in a 5% CO 2 incubator. Before adding the sample into 96-well plates, RPMI-1640 medium was removed, plates were rinsed by PBS (enough to cover the cell surface) in order to discard suspended cells. Samples were undertaken 3 gradients and 4 replicates, and 20ml prepared samples were added into each well, 20μL 1mg/mL cisplatin as positive control and the same volume of RPMI-1640 medium as blank control, and incubated for another 24h continuously at 37°C in a 5% CO2 incubator. After completion of the treatment, cells in 96-well plates were centrifuged for 10 min at 1000 r/min in order to discard samples and medium and washed with PBS, and 20μL of 5 mg/mL MTT was added to the cells and incubated for another 4 h at 37°C. After 4 h, 96-well plates were centrifuged at 1000 r/min in order to remove the uninvolved MTT and the precipitated formazan was subsequently dissolved in 200μL dimethyl sulfoxide (DMSO) and gently shaken for 10 min. The absorption was measured at 492nm, with ELISA analyzer (Germany).The inhibiting rate was calculated using the equation below (Wang, 2009, PP. 755-760) :
Inhibiting rate = (1 -OD positive control/OD blank control) × 100% Toxicity determination used MRC cell model, and the medium changed into DMEM containing 10% fetal calf serum. Method was the same with inhibition rate. Inhibition rate of samples on MRC cells were measured and calculated.
Analysis of bioactive substances in fermentation products
Fermentation solutions with higher inhibition rate on MCF and lower on MRC were selected, and analyzed by Thermo ODS-2 analytical HPLC to ascertain components of secondary metabolites in fermentation solutions. A gradient elution was carried out using the following solvent systems: mobile phase: solvent A, 20%-80% methanols; solvent B, water.
Results
Bioactivity and toxicity
OD 492 values in the table were shown as the means and standard deviations of 4 replicates, and data was analyzed by SPSS 16.0 software. One-way ANOVA was used to test the significance of difference in measured variables between control and treatment in combination with Dunnett method. Results were listed in Table 1 in detail. As well known to us all, antitumor agents with potential development prospects should not only had strong inhibition effects on tumor cells, but also less toxicity to normal cells.
As seen from Table 1 , the majority of myxobacteria fermentation metabolites could inhibit the growth of MCF-7 tumor cells in the present study. Among them, 16 strains had significant inhibition effects on MCF-7 tumor cells with positive rate over 80%, and inhibition rate of 9 strains attained more than 50%, accounting for 45% of the tested strains; Inhibition rate of myxobacteria strain 93431 fermentation original solution, 2 fold dilution and 10 fold dilution on MCF-7 cells was 53.32%, 49.35%, and 46.50%, respectively, and their inhibition rate on MRC cells was 2.95%, 5.90%, and 1.97%, respectively. Therefore, fermentation extracts of strain 93431 were selected to undertaken HPLC analysis to ascertain its secondary metabolites components with gradient elution.
Morphological variation of cells by inverted microscope
Normal MCF-7 cells attached to the wall to proliferate and showed an irregular multilateral angle with a large number of cells; in 96-well plates, after treated by strain 93431 fermentation solutions for 24h, cells in each group all had shrinkage, and separated from the surrounding cells. Nuclear contracted, cells that attached walls decreased, either suspension or shedding.
MRC cells attached to the wall to proliferate and showed a long-spindle with a large number of cells; in 96 well plates, after treated by strain 93431 fermentation solutions for 24h, a large majority of cells in each group showed a normal morphology, spreading and transparent.
Bioactive components separation by HPLC
Fermentation crude extracts of strain 93431 were undertaken HPLC analysis with gradient elution. Mobile phase and its proportion were listed in Table 2 . Results showed that mixed components were easy to separate, and separation effects were listed in Figure 2 . As seen from Figure 3, 
Discussions
In the present study, using MCF-7 and MRC cell lines as an experimental model, we investigated the antitumor activity of secondary metabolites from myxobacteria and its toxicity to normal cells. Results indicated that myxobacteria strains 93431 had strong inhibitory effects on MCF-7 cells while had little toxicity to MRC cells. Accordingly, bioactive substances in strains 93431 fermentation products had selective inhibitory effects on tumor cells, and had potential development prospects. After HPLC analysis, results suggested that peaks at peaks at 38.65 min, 40.70 min, 43.63 min, 45.43 min, 48.06 min, 51.18 min, 64.54 min and 66.81 min represented secondary metabolites of strain 93431 fermentation products, but they still need further separation and purification. In addition, functional targets of inhibiting tumor cell growth and its action mechanism still should need further investigation.
Streptomyces, fungi and bacilcus were recognized as the big three drug sources. Currently, bioactive substances such as heterocyclic, quinine, polyether, macrocyclic, vinyl, peptides and other types, nearly 400 kinds were discovered in myxobacteria. With the increasing discovery of more and more secondary metabolites with pharmacological and biological activity, myxobacteria exceeded bacilcus, and rose to the third place. Myxobacteria tended to be an important microbial resource, and would shed light on the screening and application of antitumor agents. Myxobacteria resources were abundant in China, but hard to isolate, purify and incubate. All those characteristics tended to be critical factors that impeded the research and development of myxobacteria. With the profound investigation of its metabolites, it would be certain to find some novel target antitumor agents with unique functions. 
